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undergo	 posttranslational	 modifications	 (PTMs),	 which	 provide	 mechanisms	 for	
mediating	diverse	cellular	processes.	The	histones	contain	many	amino	acids	that	can	be	
modified	 posttranslationally.	 Histone	 modification	 is	 one	 of	 the	 main	 mechanisms	 of	
epigenetic	modifications	that	regulate	gene	expression.	Epigenetics,	in	a	broad	sense,	is	a	




tails	 of	 histones	 are	 subject	 to	 a	 number	 of	 highly	 site-	 and	 residue-specific	
posttranslational	 modifications,	 including	 methylation,	 acetylation,	 phosphorylation,	
ubiquitylation,	and	SUMOylation,	which	are	implicated	in	influencing	gene	expression	and	
genome	 function.	 This	 epigenetic	 modification	 requires	 several	 different	 histone	





whereas	 H3K9,	 H3K27,	 and	 H4K20	 Lys	 methylation	 sites	 are	 associated	 with	





(HMGCRIs))	 are	 a	 class	 of	 lipid-lowering	 agents	 used	 in	 the	 treatment	 of	 high	 blood	
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cholesterol	 levels.	 Of	 all	 the	 commercially	 available	 statins,	 RST	 is	 one	 of	 the	 highest-
selling	 prescription	 drugs	 on	 the	 market	 and	 it	 has	 the	 greatest	 inhibitory	 effect	 on	
cholesterol	 biosynthesis.	 Statins	 act	 by	 blocking	 the	 cholesterol	 synthesis	 through	
inhibition	of	the	enzyme	necessary	for	the	production	of	L-mevalonate.	The	inhibition	of	












caution	 because	 of	 their	 interference	 with	 cholesterol	 biosynthesis.	 Proper	 HMG-CoA	














epigenetic	 study	 involving	 RST	 on	 the	 other,	 the	 aim	 of	 this	 study	was	 to	 investigate	
5 
 





developmental	 and/or	 environmental	 cues.	 Histone	 modification	 is	 one	 of	 the	 main	
mechanisms	for	epigenetic	modifications.	Examining	histone	modifications	at	a	particular	
genomic	 region,	 or	 across	 the	 genome,	 can	 reveal	 the	 structure	 of	 chromatin,	 thereby	




concern	 is	 the	teratogenic	effect	of	statins	on	the	 fetus,	 though	there	 is	no	evidence	to	
suggest	that	the	use	of	statins	in	pregnancy	increases	the	risk	of	fetal	abnormalities.	As	




1) To	determine	whether	RST	 induces	molecular	 epigenetic	 events	 in	 the	 brains	 of	





in	 utero	 RST	 exposure,	 and	 identify	 the	 cell	 types	 that	 display	 these	 epigenetic	
changes	in	newborn	brains.	
3.	MATERIALS	AND	METHODS	
Pregnant	 Sprague–Dawley	 rats	 were	 divided	 into	 three	 groups.	 Besides	 the	 absolute	















	 Tissue	 sections	 (6	 µm	 thick)	 were	 deparaffinized,	 rehydrated	 and	 used	 for	










When	 investigating	 epigenetic	 events	 in	 the	 newborn	 brain	 after	 the	 in	 utero	
administration	of	RST,	we	assumed	that	liver	pâté,	the	vehicle	used	to	deliver	RST,	did	not	
elicit	changes	in	histone	methylation	patterns.	To	ascertain	such	possible	effects	of	the	
liver	 pâté,	 we	 assayed	 histone	 methylation	 levels	 using	 western	 blots	 from	 absolute	
control	and	vehicle-treated	control	newborn	rat	brain	samples.	In	this	study,	we	focused	
on	 methylations	 of	 the	 Lys	 (K)	 residues	 of	 the	 four	 core	 histones	 (H2AK118me1,	














not	 change	 between	 the	 control	 and	 RST-treated	 group.	 A	 quantitative	 western	 blot	
analysis	 of	 cell-specific	markers	 showed	 that	 prenatal	 exposure	 to	 RST	 did	 not	 cause	
abnormalities	in	cell	composition	in	the	newborn	brains,	as	the	ratios	of	these	cells	did	
not	change	significantly	between	control	and	treated	groups.	These	observations	were	
supported	 by	 Ki67	 fluorescent	 immunohistochemistry.	 Analyses	 of	




We	 found	 that	 prenatal	 RST	 treatment	 induced	 a	 general,	 nonsignificant	 increase	 in	
H2AK118me1,	H2BK5me1,	H3,	H3K9me3,	H3K27me3,	H3K36me2,	H4,	H4K20me2,	and	
H4K20me3	levels,	to	101.0%–111.7%	of	the	control	levels.	However,	the	levels	of	histone	




























effect	 of	 prolonged	 exposure	 of	 the	 mother	 to	 a	 hypercholesteremic	 environment	
throughout	pregnancy	and	lactation	on	her	cardiovascular	status	is	a	subject	of	concern.	
Occasionally,	 studies	 have	 reported	 beneficial	 effects	 from	 statin	 use.	 Statins	 proved	
beneficial	 in	 preventing	 preeclampsia,	 thus	 ameliorating	 the	 risks	 of	 structural	
abnormalities	to	the	fetus.	A	reconsideration	of	the	use	of	statins	in	high-risk	mothers,	
therefore,	seems	inevitable.	
Mammalian	 embryonic	 development	 involves	 precise	 molecular	 interactions	
between	intrinsic	factors	such	as	genetics	and	epigenetics,	and	extrinsic	maternal	factors,	
such	as	environmental	perturbations,	drugs,	or	even	maternal	nutrition,	as	nutritional	
components	 could	 influence	 the	 epigenetic	 landscape	 in	 the	 fetus	 and	 hence	








The	 nervous	 system	 comprises	 several	 different	 cell	 types	 that	 are	 defined	 by	





brains	 through	 light	 microscopy.	 This	 supports	 the	 opinion	 that	 the	 use	 of	 statins	 in	
pregnancy	poses	no	risks	of	developing	fetal	CNS	abnormalities.		
It	should	be	added	that	most	of	the	histone	methylation	marks	we	detected	in	this	







enhancer	 sequences,	 and	 they	 are	 known	 to	 allow	 the	 DNA	 to	 adopt	 a	 more	 “open”	
conformation	and	recruit	chromatin-modifying	 factors.	The	proper	regulation	of	H3K4	
methylation	is	pivotal	for	healthy	brain	development,	as	mutations	associated	with	the	
loss	 and	 gain	 of	 H3K4	 methylation	 could	 potentially	 result	 in	 intellectual	 disability,	




11	 led	 to	 regulation	 of	 the	 methylation	 processes	 at	 K4	 of	 histone	 H3	 during	 CNS	
development.	RST	selectively	affected	methylated	forms	of	H3K4,	namely	it	increased	the	
levels	 of	 both	 the	mono-	 and	 trimethylated	 forms	of	H3K4	 in	 the	newborn	brain.	The	
epigenetic	changes	elicited	by	RST	are	not	good	or	bad	unless	definitely	proven	either	
way.	Although	there	are	no	such	data	available	yet	on	humans,	these	data	could	contain	a	










any	 histological	 structural	 alteration	 in	 newborn	 brains	 that	 could	 be	 related	 to	 RST	
treatment.	We	speculate	that	changes	in	histone	marks,	more	precisely	the	elevated	levels	
of	 H3K4me1/me3	 may	 be	 responsible	 for	 weakening	 heterochromatin	 structure	 and	
inducing	a	"relaxed"	state	of	chromatin	 in	 the	developing	brain	cells.	This	might	allow	
heterochromatinization	 of	 new	 genomic	 loci,	 and	 perhaps	 lead	 to	 or	 reflect	 a	 new	
program	of	gene	expression.	The	precise	mechanisms	underlying	this	process	requires	
further	 study.	 It	 remains	 to	 be	 determined	 in	 future	 studies	 whether	 the	 changes	
observed	in	the	H3K4	methylation	patterns:	(1)	are	linked	to	specific	loci	or	are	genome-
wide,	 (2)	 reflect	 an	 adaptive	 or	 maladaptive	 response	 to	 RST,	 or	 (3)	 represent	 the	
outcomes	 of	 secondary	 or	 tertiary	 processes	 in	 response	 to	 RST	 treatment.	 The	
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